Abstract Objective: Previous research shows an association between obesity and attention deficit hyperactivity disorder (ADHD). The present study compares pre-and post-bariatric surgery patients using the internationally used Conners' Adult ADHD Rating Scale (CAARS TM ) to screen for ADHD. Methods: Matched samples pre-(N = 120) and post-bariatric surgery (N = 128) were compared using self-rating instruments to assess ADHD-relevant symptomatology, depression, eating-related psychopathology, and BMI. Results: Prevalence of probable ADHD did not differ between groups using the CAARS Index Scale T-scores; however, CAARS subscales Inattention/Memory and Self-Concept showed significantly lower scores in post-surgery patients. All CAARS subscales correlated significantly with each other, with depression and eating-related psychopathology. There was no correlation between ADHD and excess BMI loss in post-surgery patients. Conclusion: The findings suggest that a considerable number of patients before and after bariatric surgery screened positive for ADHD. It can be hypothesized that some core ADHD symptoms improve after surgery. Future studies are warranted to investigate the influence of ADHD on long-term surgery outcomes.
Introduction
Attention deficit hyperactivity disorder (ADHD) is a childhood-onset, highly heritable neurodevelopmental disorder characterized by impairing inattention, motor hyperactivity, and impulsivity. Around 65% of patients continue to meet full criteria or have achieved only partial remission by adulthood [1] . There are developmental models that suggest that remission of ADHD upon transition into adulthood may be facilitated by the improved cognitive functions of the adult mind. Some studies have indicated that remission over the course of development is associated with improvements in executive control functions [2] . The diagnosis in adulthood requires a positive childhood diagnosis. With regard to the core symptoms, inattentive features are more likely to persist into adulthood than hyperactivity or impulsivity. One meta-analysis on the prevalence of ADHD in adulthood yielded a pooled prevalence of 2.5% [3] . A Danish registry-based investigation showed substantially increased mortality in adult life in individuals with ADHD compared with individuals without the disorder [4] . ADHD is associated with an adverse impact in health risk indicators well known to be associated with high morbidity and mortality [5] .
For the severely obese, bariatric surgery is the only procedure that has been consistently shown to result in long-term weight loss and significant improvement in medical comorbidity [6] . The number of obesity surgery interventions is continuously increasing, also in Germany [7] . As the use of bariatric surgery has become increasingly popular, it has also become obvious that psychiatric problems are common among these patients [8] . Empirical data suggest that many bariatric surgery candidates suffer from mental disorders and decreased cognitive functions that often improve postoperatively [8] .
Previous research has shown a clear link between obesity and ADHD. There is ample evidence that ADHD is associated with overweight and obesity in children and adolescents [9] . This association has also been found in adults. ADHD is significantly more frequent in overweight and obese compared to normal-weight adults in the general population, and the prevalence seems to increase with BMI. In obese individuals in a German general population sample, 9.7% screened positive for ADHD [10] . ADHD is also common in obese treatmentseeking patients and might negatively impact weight loss attempts [11] . Studies estimating the prevalence of ADHD in pre-bariatric surgery patients found frequencies of 7%, 8.6%, 10%, and 12.1% [12] [13] [14] [15] . In these pre-bariatric surgery samples, ADHD was associated with greater severity of depressive and anxiety symptoms, disordered eating, more psychotherapy contact in the past, and hazardous alcohol consumption. No differences were found for sex. One study examined the occurrence of ADHD post-bariatric surgery reporting a prevalence rate of 31.6% [16] . This study did not find an association between ADHD and BMI, depressive symptoms as well as quality of life; however, participants with ADHD had more difficulties with compliance with follow-up visits. The only available longitudinal study examined 129 patients prior and 1 year after bariatric surgery [14] . According to the ADHD self-rating scale [17] , 7% screened positive before and 7.8% after surgery. Participants who screened positive for ADHD scored significantly higher on the HADS anxiety and depression scales and were more often at risk for an alcohol use disorder as measured with the AUDIT. Moreover, in the same study no significant difference was observed between participants who screened positive or negative for adult ADHD at either occasion with regard to weight loss.
Several studies have shown a link between obesity and cognitive impairment [18] and that bariatric surgery is associated with improvement of cognitive functions [19] . These improvements have been observed in longitudinal studies as early as 12 weeks after surgery [18] and are maintained up to 3 years postoperatively [19] . Cognitive dysfunction related to obesity may thus be at least partially reversible following bariatric surgery.
There is ample evidence that ADHS symptoms can be affected by cognitive control [20] . As mentioned above, longitudinal studies indicated improvement in cognitive function following bariatric surgery [21] . Consequently, it is reasonable to assume that improved cognitive functions after bariatric surgery may contribute to enhanced control of adult ADHD symptoms resulting in a lower prevalence of ADHD in postoperative samples compared to preoperative samples.
To our knowledge, no study to date has compared pre-and post-bariatric surgery patients with respect to ADHD by using the Conners' Adult ADHD Rating Scale (CAARS). This scale for which cross-international validity has been demonstrated [22] is internationally frequently used as a screening instrument of adult ADHD. In addition, the reliability of the four subscales is sufficiently robust that the scales can be used separately for purposes of clinical description and research [23] . Most studies in bariatric surgery patients did not assess ADHD-relevant childhood behaviors in addition to symptoms in adulthood. To fill these gaps and, the aims of our comparative cross-sectional study were to -investigate the prevalence rates of probable ADHD in a pre-and a post-bariatric surgery sample applying the CAARS to screen for ADHD symptoms in adults and the Wender Utah Rating Scale short version (WURS-k) to assess ADHD-relevant symptoms retrospectively in childhood, -investigate potential differences in core ADHD symptoms between the pre-and a postsurgery sample, and -examine correlations between ADHD symptom severity and sex, age, ADHD-relevant childhood behaviors, depression, eating-related psychopathology, effortful control as well as percent total weight loss in the pooled sample and separately in the pre-and the post-bariatric surgery sample.
Material and Methods

Sample
For the current analyses, the matched pre-and post-surgery samples from 2 separate studies were combined [24, 25] . The data on ADHD have not been reported before.
The combined sample consisted of 120 pre-bariatric surgery and 128 post-bariatric surgery patients who were matched for age, sex, level of education, and pre-surgery BMI. The mean age of the total sample was 41.3 years (SD 11.0 years, range 19-65 years), the mean pre-surgery BMI was 48.3 kg/m 2 (SD 6.9 kg/m 2 ); 196 (79%) were women, and 48 (19.4%) reported 12 or more school years. In the post-surgery sample the time since bariatric surgery was 10.5 months (SD 4.7 months, range 2-28 months) and percent total weight loss was 34.8% (SD 8.8%, range 11.2-57.9%). Most patients had received gastric bypass (119, 93%), and 9 (7%) had undergone sleeve gastrectomy ( table 1 ) .
Assessment
Conners' Adult ADHD Rating Scale -Self-Report: Short Version (CAARS-S:S). The CAARS-S:S is a 26-item self-report questionnaire measuring symptoms of ADHD in adults (age 18 years and older). Individuals are asked to rate themselves on a range of symptoms and behaviors associated with ADHD, using a 4-point scale: 0 -'not at all, never', 1 -'just a little, once in a while', 2 -'pretty much, often', 3 -'very much, very frequently'. It contains the subscales Inattention or Memory Problems (Cronbach's α = 0.773 in our sample), Hyperactivity or Restlessness (Cronbach's α = 0.720), Impulsivity or Emotional Lability (Cronbach's α = 0.796), and Problems with Self-Concept (Cronbach's α = 0.893). As with the long version, the ADHD Index (Cronbach's α = 0.843) is incorporated on this form. The German version of the long form (42 items) was validated by Christiansen et al. [22, 23, 26] and has shown to have good psychometric properties. The raw scale scores were transformed into standard T scores which were derived from the German normative data [27] . T scores of 65 and above indicate clinically significant symptoms.
Wender Utah Rating Scale Short Version (WURS-k).
Participants rated their ADHD symptoms in childhood retrospectively, using the German version of the short version of the Wender Utah Rating Scale (WURS-k) [28] which consists of 21 items to be rated on a 5-point Likert-scale (0-4, 'not at all' to 'severe'). The internal consistency of the WURS-k in our sample was 0.925 (Cronbach's α). In addition to the 21 items assessing ADHD-specific symptoms in childhood, the WURS-k contains 4 control items assessing symptoms not compatible with the construct. A negative correlation between the score of the ADHD-specific items and the score of the 4 control items is considered to assess the truthfulness and consistency of the answers. The correlation coefficient in our sample was -0.414 (p < 0.001). As suggested by the authors, we used a cutoff score of ≥ 30 to indicate the presence of a diagnosis of ADHD in childhood (age 8-10 years). This cutoff has a sensitivity of 85% and a specificity of 75% to detect ADHD based on clinical interview.
In addition to the assessment of childhood-only ADHD (WURS-k ≥ 30) and of current ADHD symptoms (ADHD Index T score ≥ 65), we diagnosed participants who fulfilled both the WURS-k and CAARS criteria as probable cases of adult ADHD.
Effortful Control Scale (EC) Regulative temperament was measured by means of the EC subscale of the Adult Temperament Questionnaire-Short Form (ATQ-EC) [29] . The questionnaire includes 19 items that are rated on a 7-point Likert scale, ranging from 1 ('not at all applicable') to 7 ('completely applicable'), and assess the extent to which high or low levels of effortful control generally characterize the respondents' interaction with the environment (e.g. 'When I am trying to focus my attention, I am easily distracted', 'I hardly ever finish things on time'). The internal consistency of the total scale was sufficiently high in the investigated sample, with a Cronbach's α of 0.734.
Patient Health Questionnaire-9 (PHQ-9) Depression was assessed by using the total score of the German version of the 9-item PHQ-9 [30, 31] . The PHQ-9 explores the nine DSM-IV criteria for depression each scoring from 0 ('not at all') to 3 ('nearly every day'), yielding a total score between 0 and 27. The items refer to problems within the last 2 weeks. A total score ≥ 10 indicates the presence of a major depressive disorder. The PHQ-9 has been validated in bariatric surgery patient populations [32] . Cronbach's α in the present study sample was 0.868.
Eating Disorders Examination -Questionnaire Version (EDE-Q)
The German version of the EDE-Q [33] was used to characterize the sample with regard to specific eating disorder psychopathology. The questionnaire consists of the subscales 'Restraint', 'Eating Concern', 'Weight Concern' and 'Shape Concern'. For the purpose of this study we used the EDE-Q total score. A mean total EDE-Q score ≥ 2.3 serves as an indicator for the presence of any eating disturbance [34] . Cronbach's α of the mean total score was 0.853.
Weight and height were taken from the patient charts.
Statistics
The prevalence rates of ADHD, using different definitions, were calculated as percentages. The pre-and post-surgery samples were compared using t-tests and chi-square tests as appropriate. As effect size estimates Cohen's d was used for t-tests and the phi coefficient was used for chi-square statistics [35] . A d value between 0.1 and 0.3 is a small effect size, between 0.3 and 0.6 a moderate effect size, and bigger than 0.6 a large effect size [36] . For phi, 0.1-0.3 represents a small effect, 0.4-0.5 a medium effect, and more than 0.5 a large effect.
Two-tailed Spearman's rank-order correlations were conducted to determine the relationship of the CAARS T scores with sex, age, childhood symptoms (WURS-k), depression (PHQ), eating-related psychopathology (EDE-Q), effortful control (ATQ-EC), and %EBMIL were conducted for the total sample and separately for the pre-and the post-bariatric surgery samples. The significance level was set at p ≤ 0.05.
Results
Prevalence Rates of Probable ADHD Cases
The prevalence rates of probable ADHD did not differ between groups when using the suggested CAARS Index scale T score cutoff of 65 combined with the WURS-k total score cutoff of 30 ( table 2 ). The rates were 8.3% in the pre-surgery sample and 6.3% in the postsurgery sample. Probable ADHD was not associated with sex (male 23.1%, female 27.6%), age (40.9 vs. 41.4 years), or educational level.
Psychopathological Differences between Samples
The pre-and post-bariatric surgery samples differed significantly with regard to depression, eating-related psychopathology, and the T scores of the CAARS subscales Inattention/Memory and Problems with Self-Concept with post-bariatric surgery patients exhibiting significantly lower scores. No differences between samples were found for the WURS-k, the ATQ-EC, the CAARS subscales Hyperactivity, Impulsivity, and the CAARS Index scale ( table 3 ) .
Correlational Analyses
There were significant correlations between all CAARS subscale T scores and the scores for depressive symptoms and eating-related psychopathology (positive) and for effortful control (negative). The CAARS T scores correlated with each other and with the WURS-k total score. No correlations were found with age and sex ( table 4 ). The described correlations between measures did not differ between the pre-and the post-surgery group (data not shown). In the post-bariatric surgery sample no associations were found between percent total weight loss and all CAARS T-scores (Index: r = -0.042; Inattention/Memory: r = -0.129; Hyperactivity: r = 0.099; Impulsivity: r = -0.117; Self-concept: r = -0.029). Percent total weight loss was identical between probable cases of ADHD and non-cases (34.4% vs. 34.8%).
Discussion
A significant proportion of patients prior and after bariatric surgery screened positive for ADHD. Combining the suggested cutoffs for the WURS-k (= childhood ADHD) and the CAARS (= adult ADHD symptoms) the prevalence rates of probable ADHD were 8.3% and 6.3%, respectively, which is comparable to obese individuals in a German general population samples [37] . Among the obese individuals in the general population, 9.7% screened positive for adult ADHD compared to 3.8% in overweight and 4.3% in underweight/normal-weight participants.
The results are in line with previous studies in bariatric surgery patients. Although previous studies have used other instruments and have not assessed childhood ADHD, the prevalence rates are, nevertheless, comparable (7.0%, 8.6%, 10%, and 12.1%) [12] [13] [14] [15] . The two studies that also screened for ADHD in post-bariatric surgery patients found rates of 7.8% [14] and 31.6% [16] . While the latter was a cross-sectional study of 60 subjects with a minimum follow-up of 18 months, Alfonsson et al. [14] conducted a longitudinal study and found comparable rates prior and 12 months after bariatric surgery (7% vs. 7.8%). Thus, all bariatric surgery studies except one [16] found rates of probable ADHD cases that resemble those found in obese individuals in general population samples. This is in contrast to the rates found in adult weight loss samples [11, 38, 39] which have been reported to range between 27 and 38%. The lower rates in bariatric surgery patients might be due to a selection process of patients pursuing bariatric surgery [40] . Patients with ADHD may not be organized and persistent enough to adhere to the complex preoperative requirements necessary to obtain approval from the multidisciplinary health care team and the health insurance company [15] .
Even though we found no difference in the overall prevalence rates of probable ADHD cases between the pre-and post-surgery sample, some of the core ADHD symptoms were significantly different between samples. The Inattention/Memory as well as the Problems with Self-Concept subscale T scores were significantly lower in the post-surgery sample. Overall, the effect sizes of these differences between samples were small to medium. In their longitudinal study, Alfonsson et al. [14] also found a significant reduction on the Attention subscale of the ADHD Self-Report Scale [17] for men, but not for women. The finding of a better attention and memory function in the post-surgery sample is in line with the results of longitudinal studies demonstrating improvements in cognitive functioning following bariatric CAARS = Conners' Adult ADHD Rating Scale; EC = Effortful Control subscale of the Adult Temperament Questionnaire; EDE-Q = Eating Disorders Examination, questionnaire version (eating-related psychopathology), PHQ-9=Patient Health Questionnaire-9, Depression Scale; WURS-k = Wender Utah Rating Scale, short version (childhood ADHD).
surgery [18, 19, 41, 42] . It is reasonable to assume that postoperative cognitive improvement in attention and memory might have impacted the self-report on the respective CAARS subscale, possibly by way of improved prefrontal top-down control. The mechanisms for cognitive dysfunction in severely obese individuals and of improved cognition following bariatric surgery are not well understood and are the topic of ongoing research [43, 44] . In addition to the potential contribution of medical comorbidities and mental disorders (such Corr Coef = correlation coefficient; CAARS = Conners' Adult ADHD Rating Scale; EC = Effortful Control Subscale of the Adult Temperament Questionnaire; EDE-Q = Eating Disorder Examination, questionnaire version, PHQ-9 = Patient Health Questionnaire, Depression Scale; WURS-k = Wender Utah Rating Scale, short version (childhood ADHD).
as depression), it has also been suggested that the greater presence of ADHD may account for some of the cognitive difficulty observed in this population [43] .
As expected, scores of depression and eating-related psychopathology were significantly lower in the post-surgery sample with large effect sizes. CAARS subscale T scores were significantly and positively associated with degree of depression and eating-related psychopathology. This is in line with all other studies on this topic and is thought to reflect the high degree of comorbid problems in adults with ADHD [23, 45] . However, an alternative explanation might be that comorbid conditions may produce symptoms which may erroneously be diagnosed as ADHD, since symptoms associated with ADHD are also present in a number of other mental disorders [15, 46] . The lower degree of comorbid psychopathology in the postsurgery sample might thus explain the significantly lower T scores on the Problems with SelfConcept subscale since there is considerable symptom overlap between scales [14] . With regard to the Self-Concept subscale, it is reasonable to assume that the frequency in which individuals are 'unsure of themselves', 'get down on themselves' and 'lack belief in their abilities' is not only influenced by the challenges adults with ADHD experience in a variety of life domains (such as academic problems, occupational attainment, marital difficulties, and interpersonal problems) but also by the level of depression and other psychopathology. Also in children and adolescents with ADHD, more problems with self-concept were correlated with more internalizing problems [47] .
As opposed to inattention and problems with self-concept, other core symptoms of ADHD such as impulsivity and hyperactivity/restlessness did not differ between groups. Whereas some studies found a significant reduction of hyperactivity/impulsivity after bariatric surgery [13] , others did not [24, 48] . Ryden et al. [48] examined the 2-year effects of weight change on personality traits in severely obese subjects treated surgically. They used the Karolinska Scales of Personality in 1,135 bariatric surgery patients from the SOS (Swedish Obese Subjects) study. They found that over time differences between the surgically treated and the reference group decreased on all scales except impulsiveness, which remained unchanged. In addition, weight reduction maintained for 2 years was associated with changes on practically all personality traits in proportion to the magnitude of weight loss; only impulsiveness was unaffected. Temperament is expected to show consistency across situations and stability over time [49] . Also effortful control as a component of regulative temperament on average does not differ between pre-and post-surgery samples. Effortful control was indeed not significantly different between the investigated samples; however, not surprisingly it was significantly and negatively related to all CAARS subscales. It is well known that regulation deficits contribute to symptoms of ADHD. This negative association was also found in a latent profile analysis reporting different temperamental subtypes of bariatric surgery candidates [50] . Lack of effortful control could be seen as a core symptom of ADHD [51] .
Interestingly, higher ADHD scores were not associated with less weight loss in our postsurgery sample. We have to keep in mind that the mean duration since surgery was only 10 months in our post-surgery sample with a relatively narrow range of 2-28 months. Usually, weight regain is described to occur later on (1-2 years) after a weight plateau has been reached. Once weight loss slows down or stops, psychosocial factors may start to play a more important role in the further course of weight. This is in line with the results of Nicolau et al. [16] and Alfonsson et al. [14] . In both studies there was no correlation between ADHD symptoms and weight loss. As in our study, both studies had a short to medium follow-up of 18 months and 12 months, respectively. Studies focusing on cognitive dysfunction and bariatric surgery could demonstrate that early postoperative cognitive dysfunction predicted reduced weight loss 36 months following surgery [52] . Another study found that weight regain occurring between 24 and 36 months after surgery was associated with a decline in attention [19] . In summary, time since surgery was relatively short, and effects of ADHD and
Conclusion
It is important to acknowledge that ADHD appears to be a frequent disorder in severely obese patients presenting for bariatric surgery. Also shortly after surgery the prevalence of probable ADHD was significant. Thus, the occurrence of ADHD in bariatric surgery samples is considerable enough to take into account its screening before and after surgery. However, some of the symptoms characteristic for ADHD such as inattention and problems with selfconcept might be lower in post-surgery samples while others are comparable with the presurgery values. Even though the study does not allow longitudinal interpretations, it can be hypothesized that some of the core ADHD symptoms actually might improve after surgery, whereas others remain unchanged. One possible explanation may be stronger top-down control through improved cognitive functions. Even though there was no association between ADHD symptom severity and percent total weight loss in our post-surgery sample, prospective studies using interview-based assessments are warranted to investigate the course of ADHD symptoms in patients undergoing bariatric surgery and to further investigate the potential influence of ADHD symptoms on longer-term post-surgery outcomes.
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